ABSTRACT In this study, we analyzed selected morphological traits of eggs, as well as structure, strength, and protein composition of the vitelline membrane (VM) of ostrich, emu, and greater rhea eggs. Ninety eggs (30 for species) were analyzed for the following parameters: egg weight, yolk weight, yolk ratio, and yolk index. In addition, pH value, water activity, consistency index, and flow behavior index were determined. The strength of VM was measured using the TA.HDPlus Texture Analyzer. Micrograph images were taken via a scanning electron microscope. Polyacrylamide gel electrophoresis was conducted under denaturing conditions. Ostrich eggs were characterized by the highest egg and yolk weight compared with those of emu and greater rhea eggs, whereas emu eggs had the highest yolk ratio compared with those of ostrich and greater rhea eggs (P > 0.05). Yolk content differed among the species in terms of water activity; it was found to be higher in emu eggs than in ostrich and greater rhea eggs (P > 0.05). Based on flow curves, yolks of the ratites were classified as pseudoplastic non-Newtonian fluids. The consistency index was significantly higher in yolks of ostrich and emu than that of greater rhea eggs, whereas the VM of yolks of greater rhea eggs was the most resistant (had the highest breaking force = 26.4 g). All species differed significantly regarding the structure of VM, the outer layer (OL) in particular, which was found to constitute fibers of various thicknesses that were differently arranged. Fibers of the OL of the VM of emu, whose fibers were the least differentiated but formed the most compact network, were the most diverse in characterization. An electropherogram of the VM of ostrich revealed 11 primary protein bands: 6 for the OL and 5 for the inner layer (IL), that of emu revealed 9 bands: 5 for the OL and 4 for the IL, and that of greater rhea revealed 10 bands: 6 for the OL and 4 for the IL.
INTRODUCTION
The vitelline membrane (VM) of birds' eggs is a multi-layered protein structure that is also an integral part of the egg yolk. VM has 2 basic layers: inner layer (IL-also termed perivitelline layer or perivitelline membrane), which lines follicles of the ovary even before ovulation, and outer layer (OL), which develops in the oviduct infundibulum immediately after ovulation (Mann, 2008; Chung et al., 2010) . The structure of the VM is highly significant in reproduction in birds. It imparts the spherical shape to the yolk, separates it from the albumen, and maintains it in the central part of the egg by binding itself with the chalazae. In addition, it forms a diffusive barrier for the yolk contents, which protects the embryo against the strongly alkaline egg albumen within the first 96 h of incubation (Bellairs et al., 1963; Mann, 2008) . Furthermore, it serves as a barrier that protects the embryo against bacterial infection. By using proteomic analysis, Mann (2008) demonstrated that the VM is composed of at least 137 various proteins, including the ones that were earlier known for their presence in the egg albumen: lysozyme C, ovalbumin, ovotransferrin, and ovomucin. As components of non-specific immunity, these proteins protect the embryo from infection.
Apart from biological functions, the structure of the VM, and in particular its strength, is highly important in the processing of table eggs. Separated egg albumen and egg yolks not only find application in food production but also in cosmetic and pharmaceutical industries. Insufficient resistance of the VM leads to difficulties in the mechanical separation of egg albumen from yolk. This, in turn, results in the deterioration of foaming capabilities of egg albumen. Yolk without albumen is used as an emulsifier or as a thickening agent in the manufacture of mayonnaise, puddings, and many other food products (Wang and Wang, 2009; Yao et al., 2014) .
Investigations concerning the structure and strength of the VM are sparse and in the majority of cases refer to hens' eggs (Ngoka et al., 1983; Kirunda and McKee, 2000; Caudill et al., 2010) . The aforementioned studies have showed that the strength of the VM is primarily dependent on time since the egg was laid, as well as on conditions of egg storage and handling. From the moment an egg is laid, the structure of its VM starts to loosen, which causes deterioration of its resistance, and which also is directly affected by the storage temperature. Egg white thinning is associated with an increasing pH (from 7.6 to even 9.7) as a result of CO 2 loss through eggshell pores. This mechanism contributes among others to the loss of o-glycosidically linked carbohydrate units of glycoprotein and breakdown of the ovomucin-lysozyme complex (Kato et al., 1979) . Trziszka and Smolińska (1980) demonstrated that debilitation of the VM is linked to the storage time of the egg and also is caused due to the penetration of water from the egg white into the egg yolk. Excess water in egg yolk causes extension of the VM and loss of its elasticity.
Studies addressing VM characteristics in other avian species are sparse and are limited to a few species of domesticated fowl. For example, Mori and Masuda (1993) as well as Kuroki and Mori (1995) have analyzed the protein structure of the VM of quail eggs. Chung et al. (2010) compared the structure and composition of the VM of hen and duck eggs. Marzec et al. (2016) investigated differences in strength of VM and its correlation with selected physical properties of eggs of 6 species of poultry, including goose, turkey, Muscovy duck, hen, guinea fowl, and Japanese quail. Both the physical and chemical structures of the VM differ among avian species even within one taxonomic order. To our best knowledge, neither structure nor other parameters of VM have been studied so far in any of the ratite species. Previous studies regarding the morphological and physicochemical traits of egg contents of these birds are sparse as well (Szczerbińska et al., 1999; Di Meo et al., 2003; Mineki et al., 2003; Navarro et al., 2003; Majewska et al., 2008; Takeuchi and Nagashima, 2010; Cervi et al., 2015) .
Therefore, the objective of this study was to characterize and compare the structure and selected physicochemical traits of the VM of eggs yolks of domesticated species of ratites: ostrich, emu, and greater rhea.
MATERIALS AND METHODS

Eggs and their treatment
Ninety fresh eggs were obtained from a breeder farm of ostrich (n = 30), emu (n = 30), and greater rhea (n = 30). During egg collection, the birds were 4 (ostrich and emu) and 3 (greater rhea) yr old. The birds were kept in reproductive groups (males and females together). Rearing conditions and feeding were consistent with standard guidelines for individual species. On the d of lay, the eggs were transported at a temperature of 4
• C (±0.5
• C) in a heat-insulated container with a temperature recorder (WCI-86, Cool Ice, Wells, UK). The eggs were transported successively, depending on their number laid each day. Having been delivered to the laboratory, the eggs were numbered and placed in a refrigerator (±4.0
• C). Considering different transport times, it was assumed that, for all eggs, the analyses were conducted on the third d after lay.
Immediately after removing the eggs out from the cold store, egg weight was measured with an electronic scale (EW; ± 0.01 g). After breaking the eggshell, egg yolk was separated from egg albumen and weighed (YW; ± 0.01 g); its height and width were measured with an electronic caliper (±0.01 mm). Data obtained served to calculate the yolk ratio (%), i.e., egg yolk content in egg mass, and yolk index (Ix) was calculated based on the formula: Yolk index = yolk height/yolk width (Funk, 1948) .
Scanning electron microscopy
The VM samples were prepared for scanning electron microscopy (SEM) analysis in accordance with the method described by Kirunda and McKee (2000) , with a small modification on manual collection of VM fragments after the separation of egg white and yolk. It was feasible owing to the large size of the yolk ball and greater thickness of the membrane. The VM sample was collected from the surface from which VM was not directly bound to the chalaza, omitting the embryonic disk. Then, the membrane was flushed with distilled and deionized water until all visible yolk residues had been removed. Circular fragments of the membrane (ca. 15 mm in diameter) were placed in glass vials containing a fixing agent (6 mL of 3% glutaraldehyde solution +100 mL 1% paraformaldehyde in 0.1 M potassium phosphate buffer, pH = 7.2). Then, the samples were stored at 4
• C for 24 h and again fixed with 1% osmium tetroxide in phosphate buffer at room temperature for 1 hour. Afterwards, the samples were again washed with distilled water and dehydrated in a series of ethanol washes (25, 50, 75 , and 95% × 1 each and 100% × 3 each). The samples were dried with carbon dioxide and mounted on a stub, and then coated with about 200Å thick gold and observed with an FEI QUANTA 200 (Hillsboro, OR) SEM operated at 25 kV.
VM strength and physical parameters of yolk
Albumen was separated from the yolk, and the yolk was placed on a special plate for egg quality testing produced by Stable Micro Systems (Vienna Court, UK). VM strength (VMS) was measured using the TA.HDPlus Texture Analyzer with a 5 kg load cell, and a sensitivity of 0.1 g (or texture analyzer trigger force). Deformation speed was 3.2 mm·s -1 . Specifically, the VM-yolk system strength was evaluated by driving a 1 2 call ball, stainless steel probe into the highest point of the yolk ( Figure 1 ) (Marzec et al. 2016) . VM-yolk system strength was expressed as breaking force (g) and elasticity (mm). Work of VM breaking was calculated as the area under the deformation curve:
Where: W -work of breaking (mJ), v -velocity (mm/s), t -time (s), F -force (N). Yolk also was tested for pH using a pH meter with an IJ-44C glass electrode (Elmetron, Poland).
Yolk water activity (a w ) was measured using the AquaLab Model CX-2 (USA) at 22
• C. The apparent viscosity of yolk (VY) in quadruplicate was determined using a Brookfield viscometer (Model DV-III, Stoughton, MA). The measurements were performed with an increasing shear rate (from 1.7 to 20 s -1 ) at 22 • C. Flow curves were fitted according to the power law model (Ostwald de Waele'a), given by Eq. (1) (Abbasnezhad et al. 2015) :
Where σ-is shear stress (Pa), K-consistency index (Pas n ), γ-shear rate (s −1 ), n-flow behavior index (-). The consistency index K is a simple constant of proportionality, whereas the flow index (n) measures the degree to which the fluid is shear-thinning.
Electrophoresis
Polyacrylamide gel electrophoresis under denaturing condition (SDS-PAGE) was conducted following the method of Laemmli (1970) in 4% thickening and 20% separating gel. Sample preparation was performed by mixing VM samples with 2 mL of 70 mM Tris-HCl, pH 6.8, and 1% SDS. The samples were placed on a magnetic stirrer at 22
• C for 15 to 17 h until complete dissolution of VM. Next, 30 μL of the dissolved VM were mixed with 10 μL of reducing buffer (pH = 6.8), and the mixture was incubated at 90 to 100
• C for 5 min with simultaneous shaking (Eppendorf Thermomixer Comfort, Hamburg, Germany). Gels were loaded with 80 μg of protein lane. Electrophoresis was performed in the Mini Protean R 3 apparatus by Bio-Rad (Warsaw, Poland), at a constant intensity of electric current reaching 20 mA, in a 1 × Tris-glycine buffer, pH 8.3. The molecular weight was determined using the Precision Plus Protein Dual Xtra Standards marker (Bio-Rad). Once the separation had been completed, the gels were transferred to 20% trichloroacetic acid solution (TCA, Sigma-Aldrich, GmbH, Sternheim, Germany) to fix the bands. Afterwards, the gels were stained with Coomassie Brilliant Blue R-250 dye to enable visualization of protein bands. The electrophoretically separated proteins were documented with a GelDoc 2000 system for gel registration (Bio-Rad, Hercules, CA, USA). Protein analysis was performed by Quantity One ver. 4.2.1 software (VilberLourmat, Marne-la-Vallée, France) (Kieliszek et al., 2015) .
Statistical analysis
The data were statistically analyzed using Statistic 13.1 PL statistical software (IBM corp., SPSS Statistics for Windows, version 23.0., New York, NY: IBM Crop) and ANOVA. Comparisons among groups were tested by one-way ANOVA and the Kruskal-Wallis test. All groups were compared with each other for every parameter (mean ± SE). Differences were considered significant at P < 0.05. Comparison of eggs was performed with principal component analysis (PCA). In addition, PCA concluded the correlation among the analyzed variables. This analysis offers the possibility for observing similarities and differences among the studied groups of eggs.
RESULTS AND DISCUSSION
Morphology of eggs
Morphological traits of the analyzed eggs of the ratites are presented in Table 1 . Eggs of ostrich were the heaviest (P < 0.01) when compared to those of emu and greater rhea. In the case of emu and greater rhea eggs, egg weight did not differ significantly (P = 0.065). Ostrich eggs also were characterized by the highest YW than those of emu and greater rhea, whereas YW of emu eggs was higher (P < 0.01) than that of greater rhea eggs because eggs of emu had the highest (P < 0.05) yolk ratio among all analyzed species. These results are consistent with those of earlier studies by other authors, which confirm the differences in the morphological structure of eggs of the ratites investigated in this study (Di Meo et al., 2003; Majewska et al., 2008; Al-Obaidi and Al-Shadeedi, 2015; Cervi et al., 2015) .
VM structure
The structure of the OL of egg yolks of domesticated species of ratites is presented in Figure 2 . In all 3 cases (Figure 2a-c) , the structure of the OL was constituted by protein fibers, as previously described for other avian species (Chernoff and Overton, 1977; Kido and Doi, 1988; Kirunda and McKee, 2000; Chung et al., 2010) . The SEM image shows many differences between the structure of the OL of emu and greater rhea egg yolks associated primarily with various fibers, direction of their course, and arrangement density. For ostrich and greater rhea eggs, the complex OL network was composed of fibers that were classified into 3 types based on their thicknesses (Table 2) . For the ostrich, the fibers of the OL with medium thickness (0.200 to 0.478 μm) and thin fibers (0.099 to 0.197 μm) were branches of thick protein fibers (2.270 to 1.430 μm) arranged perpendicularly to them. Consequently, they formed a 3-dimensional network with relatively little compact structure. In contrast, the fibers of the OL of the greater rhea were not branched. Regardless of thickness, all fibers were separate structures arranged in parallel to one another. For the OL of the greater rhea, the compartments between fibers were narrower, so that the entire structure of the membrane was more compact than that of the OL structure observed in ostrich eggs. Earlier, Chung et al. (2010) also observed differences in fiber thickness of OL of duck and hen eggs. They found that fiber thickness for the VM of hen and duck eggs was several times lower than what we observed in our study of the ratites, which is probably associated with differences in egg weight and especially in yolk weight. SEM images (Figure 2b ) and results of fiber measurements (Table 2) demonstrate that the OL structure of emu egg yolk differed significantly from that of the 2 remaining species of ratites and also from that of other avian species (Chernoff and Overton, 1977; Kido and Doi, 1988; Kirunda and McKee, 2000; Chung et al., 2010) . Measurements of fibers constituting the OL of the VM of emu do not allow for differentiation between the types of fibers in terms of their thickness ( Table 2 ). The OL of the emu is a uniform network of protein fibers (0.054 to 0.086 μm), the thickness of which is similar to the medium thickness of OL fibers of greater rhea eggs (Table 2; Figure 2b-c) . Of all 3 species analyzed, the OL of the emu was additionally characterized by the most compact structure. Protein fibers were strongly branched and ran unevenly in various directions, thus forming a dense network. In contrast to elongated spaces in the OL of ostrich and greater rhea, the compartments between protein fibers in the OL of emu are polygonal and form a grid structure. Earlier analyses of VM structure in hen (Bellairs et al., 1963; Kido and Doi, 1988) and duck eggs (Chung et al., 2010) , conducted with the use of a transmission electron microscope (TEM), demonstrated that the OL is a layered structure with varying numbers of sub-layers. Although no TEM was employed in our study to analyze VM structure, SEM images of VM eggs also depicted a layered system (Figure 3a-d) . At a magnification of 80×, at least 7 sub-layers may be observed with the naked eye; however, this number may be significantly higher.
In contrast to the multilayer structure of the OL, the IL of the VM was single layered (Figure 3a) and did not display a fibrous structure (Figure 4 ), even at a magnification of 20,000 × ( Figure 5 ). SEM images of IL ostrich (Figure 4a ) and emu ( Figure 4b ) egg yolks were similar, while SEM images of IL greater rhea ( Figure 4c) were different from the others. Some differences may be noticed in Figure 4 regarding membrane folding. An interesting structure is denoted (arrow) on the image of emu IL, which is visible at the site of OL and IL contact (Figure 3) . It is presumably a special structure developed by OL that serves the purpose of additional integration of both membranes. Information that might explain how the membranes connect is lacking in current literature. Chung et al. (2010) stratified OL and IL mechanically using a pair of tweezers, after pre-treatment of the whole yolk 0.01 N HCl (pH 1.8) at 37
• C for 45 minutes. The rinsing of ratites VM in an acidic solution at 37
• C did not result in complete separation of OL and IL. Treating the whole egg yolk of the ratites with an acidic solution and incubation for 30 min are impossible due to the fact that under the influence of high weight of yolk contents, the VM breaks spontaneously within a few minutes. However, the significant thickness and weight of the VM allows for mechanical separation of small fragments of OL and IL. Presumably, both membranes are more or less integrated with protein substances; however, some species-dependent differences may appear in the form of special, additional structures. It cannot be stated based on single observations, but further analyses aimed at characterizing structural differences in VM between various avian species are warranted. 
VMS and physical parameters of yolk
The ratite species had a significant (P < 0.05) effect on the strength of the VM of yolk evaluated based on the breaking force (Table 3) . VM of ostrich was characterized by the lowest breaking force (18.1 g), which was statistically lower than that determined for emu (22.2 g) and greater rhea (26.4 g) ( Table 3 ). The work (energy consumed for breaking) of VM of ostrich egg yolks was significantly (P < 0.01) lower than that of emu and greater rhea. There was no statistical difference (P = 0.12) between the egg yolk work of emu and greater rhea. Elasticity-the distance to which the VM was depressed before breaking-was significantly lower in yolks of ostrich (17.5 mm) than in yolks of emu (20.2 mm) and did not differ from that noted for greater rhea (18.6 mm) (Table 3) . Differences observed in VMS among the analyzed species of ratites were, most likely, due to different structures of the VM. Although the average thickness of ostrich VM fibers was the highest among the 3 ratites, it may clearly be noticed that its structure was loose, whereas it was more compact in the case of the VM of emu and greater rhea (Figure 2 ). In addition, ostrich yolks were the largest, and hence the surface of their VM was greater than that of egg yolks of emu and greater rhea. Because yolk size and therefore VM surface area of emu and greater rhea were similar, membrane breaking required the same energy input (work).
Variation in the supply of nutrients and water in avian eggs is correlated with the demands of embryonic and neonatal growth and development. According to the literature, water content of ostrich egg yolk is 50.6% (Horbańczuk, 2003) ; water content of emu egg yolk ranges from 48 to 52% (Szczerbińska et al., 2007) , and that of greater rhea reaches ca. 47% (Lábaque et al., 2013) . But, considering food safety issues, a more important parameter is a w , which indicates the amount of water that is most useful for the growth of the microorganism (Fernandez-Salguero et al. 1993 ). Yolks of ostrich and greater rhea eggs had a statistically lower a w than those of emu eggs (P < 0.01). No difference was found between a w of egg yolks of ostrich and greater rhea (Table 3) .
Egg yolks of ostrich demonstrated a statistically lower pH value than those of emu and greater rhea (P < 0.01) (Table 3) . However, the pH value of egg yolk of ostrich was lower as determined in our study than the value reported by other authors (Mineki et al., 2003) , whereas egg yolk pH observed for emu and greater rhea in this study (Table 3 ) was similar to the values presented in literature (Takeuchi and Nagashima, 2010; Cervi et al., 2015) .
Knowledge of the rheological properties is critical in processing, handling, process design, product development, and quality control (Abbasnezhad et al. 2015) . The flow curves of the analyzed eggs, presented in Figure 6 , were described by the Ostwald-de Waele equation. The fitting of the experimental data was satisfactory, with a correlation coefficient (r 2 ) of 0.99 (Table 3 ). The index of consistency (K) is a measure of fluid viscosity. The higher the K value, the more "viscous" the fluid is. The value of the K index of egg yolks of ostrich and emu did not differ significantly but was statistically higher than that of the yolk of greater rhea (Table 3 ). The n values provided in Table 3 suggest that egg yolks of the ratites were pseudoplastic nonNewtonian fluids similar to the yolk of hen eggs, which is constituted by a complicated system of emulsified protein-lipid complexes (Siepka et al. 2015) . Variation in the viscosity of hen egg yolk due to temperature and duration of storage was studied by Severa et al. (2010) . Analyses of hen egg yolks revealed elements of shearthinning behavior and the presence of the shear stress limit (Severa et al. 2010) . Considering this, the observed differences could have resulted from various chemical compositions of egg yolk. Although the chemical composition of egg yolk was not analyzed in this study, the comparison of results obtained by other authors indicates many differences among the species of the ratites. These differences are particularly seen in the protein and lipid composition, most probably in low-density lipoproteins (LDL) (Szczerbińska et al., 1999; Di Meo et al., 2003; Nawarro et al., 2003; Cervi et al., 2015) .
With this relatively limited knowledge, it is difficult to explicitly describe a general relation between VMS and physical parameters of egg yolks of the ratites. Multi-dimensional PCA demonstrated that all 3 analyzed species differed from each other in terms of VMS as well as physical and rheological properties of egg yolks (Figure 7 ). Principal component 1 (PC1) accounted for 41.15% of total variation, whereas principal component 2 (PC2) accounted for 24.38% of total variation. The PC1 had higher correlation with egg weight (r = 0.22), yolk weight (r = 0.16), yolk content (r = 0.11), yolk pH (r = 0.33), breaking force (r = 0.12), and work (r = 0.13). On the other hand, the PC2 represented better the variability of yolk content (r = 0.15), index yolk color (r = 0.28), yolk a w (r = 014), and consistency index (r = 0.26). Figure 7 shows good separation between egg yolks of the investigated species of ratites. Close proximity of the samples in Figure 7 indicates their similarity, whereas the distance shows differences among egg yolks of the analyzed ratite species. The samples of ostrich yolks, characterized high egg weight but weak VM and the lowest pH, are grouped on the left side of Figure 7 . The top right of the diagram shows the sample of greater rhea, which were the most resistant (the highest VM breaking force) and had the lowest consistency index. The right side of the diagram presents samples of emu that were positioned below greater rhea samples. The VM of emu egg yolk was as strong as that of greater rhea, but emu egg yolks were characterized by a higher a w and consistency index than ostrich and greater rhea egg yolks. No differences in work yolk pH or egg weight were noticed between emu and greater rhea yolks eggs.
PCA revealed that yolks of ostrich eggs, despite being heavier than those of emu and greater rhea yolk eggs, had a lower strength of the VM (breaking force and work). In addition, Figure 7 depicts variability of the traits analyzed within groups. The emu egg yolks were the most diversified in terms of the analyzed traits, which is indicated by large distances between (Figure 7) . Figure 8 shows VM protein patterns of eggs of ostrich (a), emu (b), and greater rhea (c). The image of macromolecular components of the VM of the 3 ratites indicates various numbers of primary bands formed from the SDS-soluble proteins (P) and glycoproteins (GP) for each of the analyzed species. The VM of ostrich egg was organized into 11 primary bands (6 for OL and 5 for IL): P-4 = ovotransferrin (76 kDa; Williams, 1968) , P-5 = ovalbumin (45 kDa; Huopalahti et al., 2007) , P-8 = ovomucoid (28 kDa; Walsh, 2002) , P-10 = lysozyme (14.3 kDa; Radziejewska et al., 2008) , and proteins P-9 and P-11 with molecular weight of, respectively: 20 kDa and < 10 kDa in OL as well as GP I, II, III, V, and VI in IL. In turn, the electrophoregram of the VM of emu eggs showed 9 bands (5 for OL and 4 for IL): P-4 = ovotransferrin (76 kDa; Williams, 1968) , P-5 = ovalbumin (45 kDa; Huopalahti et al., 2007) , P-7 = ovomucoid (28 kDa; Walsh, 2002) , P-8 = lysozyme (14.3 kDa; Radziejewska et al., 2008) , and proteins P-9 with molecular weight < 10 kDa in OL as well as GP I, II, III, and VI in IL. An intermediate number of the observed primary bands: 10 (6 for OL and 4 for IL) was found in the electrophoregram of greater rhea VM: P-3 = ovotransferrin (76 kDa; Williams, 1968) , P-4 = ovalbumin (45 kDa; Huopalahti et al., 2007) , P-7 = ovomucoid (28 kDa; Walsh, 2002) , P-9 = lysozyme (14.3 kDa; Radziejewska et al., 2008) , and proteins P-8 with molecular weight 20 kDa and P-9 with molecular weight < 10 kDa in OL as well as GP II, III, IV, and IV in IL. Compared to the OL of ostrich and greater rhea, the electrophoregram of the OL of emu showed no band indicated as the 20 kDa protein. The molecular weight of ∼20 kDa is typical of the egg white of turkey and was earlier determined as T4385-trypsin inhibitor from turkey egg white (turkeys ovomucoid type II-T) (Ibrahim and Pattabhi, 2004) . In addition, the electrophoretic analysis of greater rhea VM did not show GP I with molecular weight > 250 kDa in IL, which would be present in the IL of both ostrich and emu, whereas it demonstrated the presence of GP IV with the molecular weight of 43 kDa, which was absent in the VM of ostrich and emu.
VM proteins
So far, the most precise list of proteins of the VM of hen egg yolks was reported by Mann (2008) who developed it from 13 earlier known proteins (Back et al., 1982; Mann, 2007) to 137 proteins known until today. Apart from hen VM, proteomic analysis also was conducted, more or less precisely, for the VM of duck (Chung et al., 2010) , Japanese quail (Mori and Masuda, 1993) , and turkey (Ibrahim and Pattabhi, 2004) . Results obtained in our study from the electrophoresis of the ratites' VM show multiple differences not only within the investigated species but also in comparison to the earlier described species. Most of all, IL of hen in contrast to the IL of ostrich, emu, and greater rhea is constituted by 3 primary bands of proteins, whereas the OL is constituted by lysozyme, ovomucoid, and ovalbumin. In turn, duck VM shows 6 groups of proteins with molecular weights of 170, 130 to 170, and 95 to 130, and 3 between 34 and 43 kDa, respectively (Chung et al., 2010) , whereas Japanese quail VM displayed 9 primary groups formed by proteins with molecular weights ranging from 14.5 to 285 kDa (Mori and Masuda, 1993) .
This study provides the first report, to the best of our knowledge, concerning the analysis of the structure, selected physical properties, and protein composition of VM of the ratites. Results obtained and their comparison with sparse data concerning the VM of other avian species show many differences. The results presented in this manuscript will serve as a starting point for further analyses aimed not only at extending the knowledge on VM of ratites but also at indicating the advisability of investigating and comparing traits of VM of other birds. Depicting VM structure with SEM images and conducting as precise proteomic analysis as possible is not only important from the cognitive perspective but also may serve as a tool for avian species identification equal to that of genetic analysis.
